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TECHNICAL  SUMMARY 


CONTRACTOR 
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Side  Protection  in  2-Door  and  4-Door 
Production  Vehicles 

REPORT  DATE 

January  1985 

REPORT  AUTHOR(S) 

Lisa  K.  Sullivan  and  Michael  W.  Monk 

This  report  deals  with  side  impact  crash  tests  which  were  per- 
formed on  2 -door  and  4 -door  production  vehicles  at  the  Vehicle 
Research  and  Test  Center,  with  testing  being  conducted  by  the 
Transportation  Research  Center  of  Ohio.  The  test  procedure  used 
to  evaluate  the  side  impact  environment  for  this  project  con- 
sisted of  impacting  a stationary  vehicle  with  the  Moving 
Deformable  Barrier  (MDB)  developed  by  the  NHTSA.  Two  NHTSA  Side 
Impact  Dummies  (SID's)  were  positioned  in  the  struck  vehicle  at 
the  driver  and  left  rear  passenger  locations.  Acceleration 
levels  were  recorded  on  the  struck  vehicle,  the  MDB  and  at 
various  locations  on  the  surrogates.  Data  from  the  SID's  were 
then  used  to  estimate  "real  life  injuries"  for  occupants  within 
the  vehicle  fleet  subset  tested. 

The  test  program  objectives  were:  (1)  to  select  a crash  mode  and 
severity  level  which  represents  a threshold  life  threatening 
injury  level  (AIS  > 4)  for  a mid-sized  vehicle  and  (2)  to  conduct 
a series  of  crash  tests  to  provide  data  needed  to  extrapolate  the 
performance  of  the  modified  VW  Rabbit  into  the  vehicle  fleet  and 
to  provide  data  to  investigate  the  apparent  safety  differences 
between  2-  and  4 -door  vehicles  and  between  varying  vehicle 
weights  within  the  vehicle  fleet. 

Based  on  the  results  of  these  2-  and  4 -door  production  vehicle 
tests,  the  following  conclusions  were  made: 

* The  derived  crash  mode  consisted  of  a 90  degree  collision 
simulating  a struck  vehicle  traveling  at  15  mph  and  a 3000  lb 
striking  vehicle  traveling  at  30  mph. 

* The  safety  differences  between  2-  and  4-door  vehicles  were 
apparent  only  when  the  spinal  acceleration  criterion  was  used. 
No  differences  were  noted  with  the  rib  criterion. 
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* A wide  variation  in  side  impact  protection  exists  within  the 
vehicle  fleet,  with  rib  acceleration  ranging  from  65.1  to 
135.5  G and  injury  probabilities  (AIS  > 4)  for  the  41  year  old 
occupant  ranging  from  1%  to  100%. 

* Combined  Averages  (CA)  (derived  from  rib  and  spinal 
accelerations)  for  occupants  of  the  production  2 -door  VW 
Rabbit,  one  of  the  primary  vehicles  used  for  development  of  the 
mitigation  concepts  in  the  side  impact  protection  program,  are 
relatively  high  as  compared  to  the  other  vehicles  tested.  On 
the  basis  of  rib  acceleration,  the  Rabbit  was  close  to  the 
median  value  of  these  vehicles. 


1 . 0 Background 


This  report  deals  with  side  impact  crash  tests  which  were 
performed  on  2-door  and  4-door  production  vehicles  at  the  Vehicle 
Research  and  Test  Center  (VRTC) . The  testing  was  conducted  by 
the  Transportation  Research  Center  of  Ohio  (TRCO) . A test  report 
containing  the  response  data  was  submitted  by  the  contractor  for 
each  test  performed,  hence  the  data  traces  are  not  contained 
here. 

During  VRTC's  project  SRL-26,  "Side  Impact  Test  Procedure 
Development" , two  matrices  of  side  impact  crash  tests  were 
performed  to  establish  a test  procedure  for  side  impacts.  The 
first  test  matrix,  Matrix  I,  is  shown  in  Figure  1.  The  second 
test  matrix.  Matrix  II,  is  shown  in  Figure  2.  Matrix  I was 
performed  to  determine  how  well  the  Moving  Deformable  Barrier 
(MDB)  simulated  a mid-sized  vehicle,  such  as  the  Citation,  as  a 
striking  vehicle.  In  Matrix  II,  the  MDB  was  used  as  the  striking 
vehicle.  The  main  purpose  of  Matrix  II  was  to  investigate  the 
benefits  to  the  occupants  from  structural  modification  and  the 
addition  of  interior  door  padding  to  the  struck  vehicle,  in  this 
case  a V.W.  2-door  Rabbit. 

The  general  test  procedure  used  to  evaluate  the  side  impact 
environment  for  this  project  consisted  of  impacting  a stationary 
vehicle  with  the  Moving  Deformable  Barrier  (MDB)  developed  by  the 
NHTSA.  Two  NHTSA  Side  Impact  Dummies  (SID's)  were  positioned  in 
the  struck  vehicle  at  the  driver  and  left  rear  passenger 
locations.  Acceleration  levels  were  recorded  at  various 
locations  on  the  surrogates  (primary  and  redundant  lateral 
channels  on  the  left  upper  and  left  lower  ribs  and  the  upper  and 
lower  spines,  x-  and  z-axis  channels  on  the  upper  and  lower 
spines,  and  triaxial  channels  on  both  the  pelvis  and  head)  which 
were  then  used  to  estimate  "real  life  injuries".  During  most  of 
this  study,  the  criterion  for  estimating  injury  was  based  upon 
peak  accelerations  of  the  near-side  ribs.  Some  of  the 
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Impact  point  for  all  tests  such  that  the  left  edge  of  the  striking  vehicle  or  barrier  is 
37"  forward  of  the  struck  vehicle  c.g.  (c.g.  is  defined  as  the  center  of  the  wheelbase 
to  be  consistent  with  accident  investigation  protocol). 


CRASH  TEST  MATRIX  II 


Impact  point  for  all  tests  such  that  the  left  edge  of  the  striking  vehicle  or  barrier  is 
37"  forward  of  the  struck  vehicle  c.g.  (the  c.g.  is  defined  as  the  center  of  the  wheelbase 
to  be  consistent  with  accident  investigation  protocol). 


comparisons  and  decisions  were  made  based  upon  these  rib 
responses.  The  current  injury  criterion  (the  Thoracic  Trauma 
Index  or  TTI) , which  was  introduced  near  the  end  of  this  study, 
uses  the  near-side  rib  and  lower  spinal  lateral  accelerations  in 
determining  injury  levels. 

A brief  discussion  of  the  current  methodology  used  in 
determining  injury  probabilities  for  side  impacted  occupants  was 
presented  in  the  paper  by  Eppinger,  et  al.(l)*.  In  the 
referenced  procedure,  the  maximum  of  the  peak  values  of  the  upper 
or  lower  rib  signals  is  used  along  with  the  peak  of  the  lower 
spinal  signal.  It  is  noted  that  the  TTI  is  a linear  function  of 
age  and  the  rib  and  spinal  accelerations.  The  relationship 
between  TTI  and  probability  of  injury  is  a non-linear  curve 
derived  from  empirical  data.  For  consistency  with  this 
established  procedure,  the  same  signals  were  used  for  injury 
computation  and  presentation. 

In  addition,  the  objectives  of  the  project  involved  the 
relative  ranking  and  comparing  of  vehicles.  The  actual  values  of 
any  particular  vehicle  or  test  result  was  of  lesser  interest. 
For  this  reason,  it  was  attempted  to  find  a format  of  presenting 
results  which  had  the  highest  degree  of  repeatability  without 
deviating  too  far  from  a basis  of  usable  biofidelity. 

The  SID  dummy  has  been  subjected  to  sled  testing  to 
determine  its  repeatability  in  this  highly  controlled 
environment.  It  was  obseirved  from  these  tests  that  the  best 
coefficient  of  variation  was  obtained  when  upper  and  lower  rib 
accelerations  were  averaged  and  the  upper  and  lower  spinal 
accelerations  were  averaged.  The  C.V.'s  for  the  upper  and  lower 
ribs  were  2.4%  and  2.1%,  respectively  whereas  the  C.V.  for  the 
ribs  averaged  was  1.7%.  The  C.V.'s  for  the  upper  and  lower 
spines  were  9.6%  and  8.1%,  respectively.  The  C.V.  for  the  spines 
*Number  in  parentheses  designates  reference  at  end  of  text. 
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averaged  was  5.2%,  a significant  improvement  over  the  lower  spine 
acceleration.  There  appeared  to  be  some  degree  of  trade-off 
between  repeatability  and  biofidelity. 

Statistical  analysis  of  the  Matrix  II  crash  test  data  showed 
improvements  in  the  inherent  variability  and  R-square  value  of 
the  matrix  when  the  ribs  were  averaged  and  the  spines  were 
averaged.  The  variability  using  the  maximum  rib  was  28.6  G's  and 
using  the  lower  spine,  variability  was  22.1  G's.  When  the 
averaged  ribs  and  averaged  spines  were  put  into  the  same  model, 
the  variability  was  improved  by  23%  for  the  ribs  (to  22.1  G's) 
and  by  10%  for  the  spines  (to  19.9  G's).  For  the  R-square  value 
(amount  of  variation  in  data  explained  by  the  model  used) , the 
maximum  rib  value  was  85%  and  the  T12  value  was  62%.  Using  the 
averaged  ribs  and  spines,  the  R-square  improved  to  91%  for  the 
ribs  and  77%  for  the  spines. 

Based  upon  the  statistical  analyses  of  the  sled  and  Matrix 
II  data,  it  was  decided  that  the  analysis  of  the  test  results 
would  utilize  averaged  rib  and  averaged  spinal  peak  values.  A 
measurement,  termed  the  Combined  Averages  (CA) , was  derived  from 
the  averaged  rib  and  averaged  spinal  peak  values,  as  follows; 

CA  = 1.4  * Age  + 0.5  (Avg  Rib  + Avg  Spine) 

Note  that  this  relationship  is  identical  to  that  for  computing 
the  TTI,  except  that,  for  TTI,  the  maximum  of  the  peak  upper  and 
lower  rib  responses  and  the  peak  lower  spinal  response  are  used, 
as  indicated: 

TTI  =1.4  * Age  + 0.5  (Max  Rib  + Max  Low  Spine) 

Avg  Rib  and  Max  Rib  are  adjusted  rib  accelerations  as  per 
Reference  1. 
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In  subsequent  sections,  the  peak  acceleration  responses  from 
the  tests  and  the  TTI  (computed  using  the  maximum  rib  and  lower 
spinal  accelerations)  will  be  shown.  The  comparisons  of  results 
will  be  based  upon  the  averaged  rib  and  spinal  peak  values  and 
the  corresponding  CA. 

2 . 0 OBJECTIVE 


The  objectives  of  the  test  program  were: 

1.  to  select  a crash  mode  and  severity  level  which 

represents  a threshold  life  threatening  injury  level 
(AIS  >=  4)  for  a mid-sized  vehicle,  and 

2 . to  conduct  a series  of  crash  tests  to  provide  the 
following  infomation: 

- data  needed  to  extrapolate  the  perfomance  of  the 
modified  V.W.  Rabbits  into  the  vehicle  fleet. 

- data  needed  to  investigate  the  apparent  safety 
differences  between  2-door  and  4-door  vehicles  and 
between  varying  vehicle  weights  within  the  vehicle 
fleet. 


3.0  SELECTION  OF  TEST  CONDITIONS 

It  was  desired  to  select  one  set  of  test  conditions  which 
could  be  used  for  all  of  these  tests.  The  former  injury 
criterion,  based  upon  rib  accelerations,  indicated  a near-step 
change  in  injury  severity,  from  AIS  1 to  AIS  4,  at  around  90  G of 
rib  acceleration.  It  was  decided  to  determine  conditions  which 
caused  an  "average  vehicle"  to  yield  driver  dummy  responses  near 
the  threshold  of  AIS  >=  4 injuries. 
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The  selection  of  impact  angle  was  based  upon  accident  data 
and  the  documented  crash  responses  of  the  Matrix  I and  Matrix  II 
side  impact  crash  tests.  The  accident  data  showed  that  90“  was 
the  most  frequently  occurring  single  angle  but  that  oblique 
angles,  as  a group,  occur  with  equal  frequency.  The  Matrix  I and 
Matrix  II  crash  tests  were  performed  at  60“  and  90°.  The  90“ 
impact  angle  was  chosen  for  this  series  of  tests. 

Two  preliminary  crash  tests  were  performed,  using  4 -door 
Chevrolet  Citations,  to  determine  the  impact  speed  at  which  the 
"rib-predicted"  thoracic  injury  level  was  "near  the  threshold  of 
serious  injury".  From  the  Matrix  I and  Matrix  II  data  it  was 
known  that,  at  a striking  vehicle  speed  of  35  mph  and  struck 
vehicle  speed  of  17.5  mph  and  an  impact  angle  of  90“ , the 
thoracic  injury  level  was  above  the  desired  threshold  and  at  the 
26/13  mph  ratio  the  injury  level  was  below.  Therefore,  a speed 
ratio  located  between  these  two  boundaries  was  chosen  for  the 
preliminary  speed  checks.  Striking  and  struck  vehicle  speeds  of 
30  mph  and  15  mph  produced  rib  injury  predictions  near  the 
desired  threshold. 

One  of  the  purposes  of  the  test  series  was  to  investigate 
possible  differences  between  2-door  and  4-door  production 
vehicles.  Analysis  of  accident  data  had  indicated  lower  injury 
rates  in  4-door  vehicles.  No  significant  rib  response 
differences  were  noted  in  the  first  3 pairs  of  2-door  and  4-door 
vehicles  tested.  A deviation  from  the  derived  test  conditions 
was  then  chosen.  Three  tests  were  conducted  at  a 60“  impact 
angle  and  at  a lower  speed  (since  60“  tests  were  known  to  be  more 
severe).  The  remainder  of  the  tests  were  again  at  the  90“  30/15 
mph  condition.  Table  1 summarizes  the  vehicles  tested  and  their 
corresponding  test  conditions. 
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Table  1 


Vehicles  and  Corresponding  Test  Conditions 


Struck  Vehicle  Vehicle  Weight  Impact  Angle  Impact  Speed 


4-door  Citation  3060 

2-door  Citation  3100 

4-door  Horizon  2600 

2-door  Omni  2680 

4-door  Granada  3415 

2 -door  Granada  3380 

* 4-door  Rabbit  2525 

* 4-door  Horizon  2630 

* 2-door  Omni  2660 

4-door  Concord  3555 

2 -door  Sentra  2340 

2-door  Rabbit  2400 

4-door  Civic  2488 

2-door  Dodge  400  3028 


* Alternate  Test  Conditions 
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4.0  COMPARISONS  WITHIN  VEHICLE  FLEET 


4.1  Response  Values  and  Computed  Injury  Estimates 

Table  2 contains  a summary  of  the  test  results  for  the  crash 
tests  performed.  Included  in  the  table  are  the  peak  average 
lateral  accelerations  of  the  left  upper  rib,  left  lower  rib, 
upper  spine  and  lower  spine  and  the  lateral  pelvic  accelerations 
for  both  the  driver  and  the  passenger.  Also  included  in  the 
table  are  the  averaged  left  upper  and  lower  rib  responses  ("Ave 
Rib")  and  the  averaged  upper  and  lower  spine  responses  ("Ave 
Spine") . Table  3 presents  injury  estimates  for  each  test.  The 
estimates  have  been  computed  using  the  TTI  (which  in  turn  uses 
maximum  rib  and  lower  spinal  accelerations) , as  specified  in 
Reference  1.  The  2 age  values  represent  2 populations  of 
accident  victims,  i.e.  23  is  the  average  highway  occupant  and  41 
the  average  seriously  injured  occupant. 

4.2  Comparisons  Based  Upon  Number  of  Doors  and  Vehicle  Weight 

Number  of  Doors  — Comparisons  were  made  within  the  vehicle 
fleet  to  determine  what  effect  the  number  of  doors  on  the  vehicle 
and  the  weight  of  the  vehicle  have  on  the  test  results.  The 
effects  of  these  two  factors  were  determined  using  the  driver  rib 
acceleration  and  the  Combined  Averages  (CA)  for  the  driver  at  41 
years  of  age. 

Figure  3 shows  the  driver  rib  responses  vs.  the  number  of 
doors  for  the  11  test  vehicles  used  in  the  90°  impacts.  Included 
in  the  tests  were  3 pairs  of  identical  vehicle  models:  a 2-door 
and  4 -door  Citation,  a 2 -door  and  4 -door  Granada,  and  a 2 -door 
Omni  and  4 -door  Horizon.  (Omnis  and  Horizons  have  identical 
structures) . The  average  rib  response  for  the  2 -door  Citation, 
Granada  and  Omni  is  94.4  G compared  with  106.6  G for  the  4-door 
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Table  2 --  2-  & 4-Door  Test  Results 
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Table  3 --  Occupant  Injury  Probabilities 
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4 DOOR  DRIVER 

840316  CIVIC  

90-30/15  mph  PASSENGER 


CoHpaifison  of  2-Dooi‘  & 4-Door  Uehicles 
Left  Rib  Ago.  by  Nunber  of  Doors 
90  Decf.  Collisions 
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Stmick  Uehicle  b;j  No.  of  Doox's 


models.  However,  a structural  defect  was  discovered  after  the 
4-door  Granada  test.  Because  of  a defective  weld,  the  B-pillar 
separated  on  impact  during  the  test,  hence  the  response  is  judged 
to  be  abnormally  high.  If  averages  are  limited  to  the  Citations, 
Omni  and  Horizon,  the  2-door/4-door  responses  are  99.4/102.7  G. 
The  effect  that  the  number  of  doors  has  on  the  driver  rib 
response  appears  to  be  minimal  for  the  90°  tests. 

For  the  60°  impacts,  the  2-door/4-door  tests  of  the 
Omni/Horizon  resulted  in  average  rib  accelerations  of  89.1  G and 
91.7  G,  respectively.  The  Rabbit  test  was  compared  with  a 
corresponding  test  from  Matrix  II.  The  2-door/4-door  results  are 
128.8  G and  84. IG,  respectively.  The  Rabbit  in  the  60°  impact  is 
the  only  case  showing  a clear  difference  between  rib  responses  of 
2-door  and  4-door  models. 

The  CA  is  based  upon  both  averaged  rib  and  averaged  spinal 
responses.  The  CA's  for  a 41  year  old  driver  for  the  11  vehicles 
(90°  collisions)  are  shown  in  Figure  4.  The  number  of  doors  that 
the  vehicle  has  appears  to  also  have  a slight  effect  on  the  CA 
for  the  41  year  old.  The  CA's  associated  with  the  2 -door 
vehicles  range  from  140.0  to  171.5  while  the  4-door  vehicles 
range  from  126.4  to  149.4.  The  averages  for  the  2-door  Citation 
and  Omni  and  the  4-door  Citation  and  Horizon  are  148.8  and  143.2, 
respectively,  a difference  of  approximately  4%. 

To  allow  a visual  observation  and  to  enable  statistical 
comparisons,  the  rib  accelerations  and  CA's  from  8 comparable 
tests  are  shown  in  Figures  5 and  6.  The  90°  results  of  the 
Citation  and  Horizon/Omni  are  summarized  in  Figure  5.  Both  the 
rib  acceleration  and  the  CA  lines  are  horizontal  indicating 
essentially  no  sensitivity  to  number  of  doors. 


13 


Comparison  of  2-Door  & 4~Door  Uehicles 
Combined  Averages  by  Number  of  Doors 
For  41  yr.  old  Driver  - 90  Deg.  Collision 
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Rabbit  and  Hox'izon/Onni  Tests 


The  results  of  the  Rabbit  and  Horizon/Omni  tests  at  60°  are 
shown  in  Figure  6.  In  this  case,  the  averaged  rib  responses  are 
non-horizontal  because  of  the  Rabbit  test  results.  It  is  noted 
that  the  CA*s  are  still  relatively  horizontal,  in  spite  of  the 
rib  accelerations  being  included  in  the  computation  of  CA. 

Regression  modeling  was  performed  with  the  number  of  doors 
being  an  independent  variable.  The  results  will  be  discussed 
later. 

Vehicle  Weight  — Figure  7 shows  the  driver  left  rib 
response  vs.  the  struck  vehicle  weight  for  the  11  vehicles  tested 
at  90°  impacts.  The  median  vehicle  weight  within  the  fleet 
subset  is  3028  lb  (2-door  Dodge  400) . The  average  rib  response 
for  the  5 vehicles  lighter  than  the  median  weight  was  109.2  G, 
compared  with  85.5  G for  the  5 vehicles  heavier.  Based  on  this, 
the  vehicle  weight  does  appear  to  have  an  effect  on  the  rib 
response.  The  vehicles  which  are  lighter  than  the  median  vehicle 
weight  generally  have  higher  associated  rib  responses  than  the 
associated  responses  of  those  vehicles  which  are  heavier  than  the 
median  vehicle  weight.  The  exceptions  to  this  are  the  rib 
responses  in  the  Honda  Civic  (2488  lb)  and  the  V.W.  Rabbit  (2400 
lb)  tests.  The  4-door  Granada  test  (3415  lb)  is  the  exception  to 
the  trend  of  heavier  vehicles  having  lower  associated  rib 
responses  than  lighter  vehicles.  Again,  the  4-door  Granada 
results  are  suspect  due  to  B-pillar  failure  during  the  test. 

Figure  8 shows  the  CA's  for  a 41  year  old  driver  vs.  struck 
vehicle  weight.  At  vehicle  weights  heavier  than  the  median 
weight,  the  CA's  range  from  126.4  to  149.4.  The  CA's  range  from 
135.8  to  171.5  for  the  vehicles  at  weights  lighter  than  the 
median  weight.  There  is  a general  trend 
linking  vehicle  weight  and  CA  — higher  CA's  for  lighter 
vehicles,  lower  CA's  for  heavier  vehicles. 
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The  driver  average  left  rib  and  average  spinal  accelerations 
and  the  CA  for  a 41  year  old  driver  were  plotted  and  a linear 
curve  was  fitted  to  the  data  as  another  means  of  visualizing  the 
effect  of  the  vehicle  weight  on  the  test  responses.  The  purpose 
of  looking  at  the  spinal  accelerations  at  this  time  was  to 
determine  if  they  are  also  linearly  dependent  upon  the  vehicle 
weight  since  spinal  acceleration  is  a key  response  in  determining 
the  probability  of  injury.  Two  of  the  eleven  vehicles  tested  at 
the  30/15  mph  and  90°  condition,  the  4-door  Granada  and  the 
4-door  Civic,  were  not  used  in  this  type  of  presentation.  The 
Granada  was  omitted  because  of  the  structural  anomaly  which  was 
noted  during  testing  and  the  Civic  because  of  it  being  a 
significant  outlier  of  the  test  data  set.  This  is  not  intended 
to  imply  that  the  Honda  data  are  bad.  It  was  rather  observed 
that  the  Honda  responses  were  so  noticeably  different  from  other 
vehicles  of  that  size  that  the  data  could  best  be  analyzed 
separately.*  The  results  obtained  will  hence  apply  to  90%  of  the 
vehicles  tested. 

Figure  9 shows  the  regression  analysis  for  the  driver  left 
rib  acceleration,  with  the  vehicle  weight  as  the  independent 
variable.  The  corresponding  presentations  for  the  spinal 
acceleration  and  the  CA  for  the  driver  are  shown  in  Figures  10 
and  11.  All  three  models  predict  higher  occupant  response  for 


* The  dummy  responses  from  the  Honda  Civic  crash  test  indicated 
an  unusually  low  injury  level  for  occupants  of  a sub-compact  car. 
As  one  of  the  tasks  of  Project  SRL-103,  "Side  Impact  Protection 
in  Production  Vehicles",  currently  in  progress,  this  vehicle  will 
be  analyzed  to  confirm  the  validity  of  the  results  and  to  attempt 
to  determine  what  structural  or  geometric  features  were 
responsible  for  the  unusually  low  occupant  responses.  This  will 
include  performing  a repeat  crash  test,  using  the  MDB. 
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2-Door  andl  4-Door  Uehicles  (It 
30/15  MPH  and  90  Deg.  Test  Condition 
Driver  Left  Rib  Acceleration 
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lighter  vehicles.  The  rib  acceleration  model  appears  to  be  most 
sensitive  to  weight  change. 

Appendix  A contains  the  equations  for  the  respective  models, 
their  correlation  coefficients  and  parameter  input  values. 

Regression  models  with  two  independent  variables  (vehicle 
weight  and  number  of  doors)  were  also  looked  at.  The  first  step 
in  the  analysis  of  the  two  variable  model  was  to  plot  the 
accelerations  and  CA  against  the  vehicle  weight  for  2~door  and  4- 
door  vehicles.  Figures  12  and  13  show  the  driver  rib 
acceleration  vs,  vehicle  weight  for  the  six  2-door  vehicles  and 
the  three  4-door  vehicles,  respectively.  Figures  14  and  15  are 
the  corresponding  displays  for  the  driver  spinal  accelerations 
and  the  displays  for  the  driver  CA  are  shown  in  Figures  16  and 
17.  For  each  of  the  analyses,  the  dummy  responses  are  reasonably 
approximated  by  a linear  function  of  the  variables  looked  at. 

For  each  of  the  three  dummy  responses  looked  at,  the 
Stepwise  Procedure  under  SAS  (Statistical  Analysis  System)  was 
used  to  determine  the  most  appropriate  one  independent  variable 
and  two  independent  variable  models.  The  results  of  the 
regession  analyses  have  been  summarized  and  are  contained  in 
Tables  4-6. 

Table  4 contains  the  one  variable  and  two  variable  analyses 
for  the  driver  left  rib  acceleration.  Of  the  two  variables, 
vehicle  weight  and  number  of  doors,  the  vehicle  weight  is  the 

2 

best  one  variable  model  with  an  R = 0.72.  The  null  hypothesis  of 
the  crash  tests  is  that  the  vehicle  weight  and/or  number  of  doors 
has  no  effect  on  the  dummy  responses.  For  this  one  variable 
model,  the  level  of  significance  of  rejecting  the  null  hypothesis 
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Driver-  Ave.  Spinal  Ace.  vs.  Uehide  Weight 
30/15  HPH  and  90  Deg.  Test  Condition 
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TABLE  4 


MAXIMUM  R-SQUARE  IMPROVEMENT  FOR  DEPENDENT  VARIABLE  RIB 
STEP  1 Variable  Weight  Entered  R-SQUARE  = 0.715a 


SUM  OF 

DF 

SQUARES 

F 

PROB  > F 

REGRESSION 

1 

3195.24 

17.64 

0.0040 

ERROR 

7 

1268.13 

TOTAL 

8 

4463.37 

STD 

B VALUE 

ERROR 

F 

PROB  > F 

INTERCEPT 

236.87 

WEIGHT 

1 

o 

• 

o 

U1 

0.011 

17.64 

0.0040 

STEP  2 Variable  Door  Entered 


R-SQUARE  = 0.7196 


DF 


SUM  OF 

SQUARES  F PROB  > F 


REGRESSION  2 
ERROR  6 
TOTAL  8 


3211.85  7.79  0.0220 

1251.52 

4463.37 


B VALUE 


STD 

ERROR  F PROB  > F 


INTERCEPT 

WEIGHT 

DOOR 


234.83 

-.046 

-3.02 


0.0126  13.37  0.0106 

10.687  0.08  0.7^72 
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when  in  fact  it  is  true  is  less  than  1%  (p=0.004).  In  other 
words,  one  would  be  99%  confident  that  the  weight  of  the  struck 
vehicle  has  an  effect  on  the  driver  rib  response.  Adding  the 

2 

number  of  doors  variable  to  the  model  increases  the  R value  only 
slightly  at  the  third  significant  digit,  not  a statistically 
significant  amount.  The  level  of  significance  of  the  vehicle 
weight  increased  to  slightly  over  1%  (p=0.0106)  and  the 

significance  level  of  the  number  of  doors  is  not  significant 
(p=0.7872)  for  the  two  variable  model. 

Table  5 contains  the  one  and  two  variable  model  results  for 

the  driver  spinal  acceleration.  The  best  one  variable  model  for 

this  dummy  response  uses  the  number  of  doors  as  the  independent 

. 2 . . . 
variable,  with  a R =0.63.  The  one  variable  model  is  not  quite 

significant  at  the  1%  level  (p=0.017)  - therefore,  the  number  of 

doors  does  have  an  effect  on  the  driver  spinal  response.  Adding 

. . . 2 
the  vehicle  weight  to  the  model  increases  the  R value  to  0.88, 

with  the  significance  levels  of  the  number  of  doors  and  vehicle 

weight  being  1%  (p=0.0047)  and  slightly  over  1%  (p=0.0114),, 

respectively. 

The  one  and  two  variable  model  results  for  the  driver  CA  at 

41  years  of  age  are  contained  in  Table  6.  As  with  the  driver 

left  rib  acceleration,  the  weight  of  the  vehicle  is  the  best  one 

. . 2 ... 
variable  model  with  an  R =0.69.  The  level  of  significance  for 

this  model  is  1%  (p=0.0055).  When  the  number  of  doors  is  added 

2 

to  the  model,  the  R value  increases  to  0.87.  The  levels  of 
significance  for  the  weight  of  the  vehicle  and  the  number  of 
doors  in  the  two  variable  model  are  1%  (p=0.0042)  and  5% 

(p=0.0310),  respectively. 

In  conclusion,  the  best  model  for  this  series  of  crash  tests 
is  dependent  upon  which  dummy  response  one  is  interested  in.  For 
the  rib  acceleration  response,  the  one  variable  model  using 
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TABLE  5 


MAXIMUM  R-SQUARE  IMPROVEMENT  FOR  DEPENDENT  VARIABLE  SPINE 
STEP  1 Variable  Door  Entered  R-SQUARE  = 0.6299 


DF 


SUM  OF 

SQUARES  F PROB  > F 


REGRESSION  1 
ERROR  7 
TOTAL  8 


1467.01  11.91  0.0107 

861.96 
2328.98 


B VALUE 


STD 

ERROR  F PROB  > F 


INTERCEPT  112 . 15 

DOOR  -27.08 


7.846  11.91  0.0107 


STEP  2 Variable  Weight  Entered  R-SQUARE  = 0.8828 


SUM  OF 

DF 

SQUARES 

F 

PROB  > F 

REGRESSION 

2 

2055.95 

22.59 

0.0016 

ERROR 

6 

273.02 

TOTAL 

8 

2328.98 

STD 

B VALUE 

ERROR 

F 

PROB  > F 

INTERCEPT 

171.79 

WEIGHT 

-.021 

0.0059 

12.94 

0.0114 

DOOR 

-21.79 

4.9916 

19 . 06 

0.0047 
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TABLE  6 


STEP 


STEP 


MAXIMUM  R-SQUARE  IMPROVEMENT  FOR  DEPENDENT  VARIABLE  CA 


1 Variable  Welg-ht  Entered  R-SQUARE  = 0.6907 


DF 


SUM  OF 

SQUARES  F PROB  > F 


REGRESSION 

ERROR 

TOTAL 


983.69  15.63  0.0055 

440.53 
1424.22 


STD 

B VALUE  ERROR  F PROB  > F 


INTERCEPT  224.88 

WEIGHT  -0.03 


0.007  15.63  0.0055 


Variable  Door 

Entered 

R-SQUARE 

= 0. 

8661 

SUM  OF 

DF 

SQUARES 

F 

PROB  > F 

REGRESSION 

2 

1233.56 

19.41 

0.0024 

ERROR 

6 

190.66 

TOTAL 

8 

1424.22 

STD 

B VALUE 

ERROR 

F 

PROB  > F 

INTERCEPT 

216.99 

WEIGHT 

-.022 

0.0049 

20.16 

0.0041 

DOOR 

-11.70 

4.171 

7.86 

0.0310 
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vehicle  weight  accounts  for  most  of  the  variation.  For  spinal 
acceleration  response,  the  number  of  doors  accounts  for  more 
variation  but  the  2 variable  model  using  both  doors  and  weight 
was  much  better  than  the  one  variable  model.  For  the  driver  CA 
(a  linear  function  of  both  rib  and  spinal  acceleration)  the  best 
single  variable  model  used  weight,  but  again,  the  2 variable 
model  of  weight  and  number  of  doors  was  considerably  better. 


5.0  COMPARISON  OF  2-DOOR  V.W.  RABBIT  WITH  VEHICLE  FLEET  SUBSET 


This  section  compares  the  2 -door  V.W.  Rabbit  to  the  vehicle 
subset  tested,  using  the  driver  averaged  left  rib  acceleration 
and  the  CA,  in  an  attempt  to  determine  how  the  Rabbit 
characterizes  the  fleet  subset  in  side  impact  collisions. 

5.1  Comparison  Based  Upon  Rib  Accelerations 

Figure  18  shows  the  driver  rib  accelerations  for  each  of  the 
11  cars  tested  at  the  90“  condition.  The  Rabbit  essentially 
represents  the  rib  median  response  among  the  vehicles  tested. 
The  Rabbit  response  is  slightly  more  than  5 G higher  than  the 
mean  response  (98.3  G)  of  the  group.  Thus,  based  on  the  driver 
rib  accelerations,  the  use  of  the  2-door  V.W.  Rabbit  as  a side 
impact  test  vehicle  produces  results  which  are  essentially  the 
average  response  for  the  subset  of  the  vehicle  fleet  tested. 

5 . 2 Comparisons  Based  Upon  Combined  Averages  ( CA) 

The  CA  is  the  other  method  used  to  compare  the  V.W.  Rabbit 
to  the  vehicle  subset.  The  CA  was  computed  for  the  driver  at  the 
age  of  41  years,  using  the  average  of  the  four  left  ribs  and  the 
average  of  the  four  lateral  spine  responses. 

The  CA's  for  the  driver  at  age  =41  years  for  each  of  the  11 
vehicles  tested  are  shown  in  Figure  19.  The  CA  for  the  driver  of 
the  Rabbit  is  158.6.  The  Sentra  test  is  the  highest  with  a CA  of 
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CoKparison  of  2-Doop  U.U.  Mbit  to  Fleet 
Vehicles  Iby  Driver  Left  Rili  kc. 

90  Dey.  Collisions 
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StY»uck  Uehicle 


Cowparison  of  2-Door  M.W.  Rabbit  to  Fleet 
Uehicles  by  Conbined  Averages 
For  41  yr.  old  Driver  - 90  Deg.  Collision 
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171.5.  At  41  years  of  age,  the  median  CA  for  the  vehicle  fleet 
subset  is  146.5. 

The  2 -door  V.W.  Rabbit  is  among  the  vehicles  which  have  the 
highest  associated  CA  within  the  vehicle  subset  tested,  with  the 
Sentra  being  the  only  vehicle  having  higher  CA's. 

5.3  Comparison  Between  2-Door  Rabbit  and  Best  Performing  Small 
Car 


The  driver  responses  from  the  2 -door  Rabbit  test  were 
compared  to  those  from  the  4-door  Honda  Civic  test  to  determine 
how  the  Rabbit  compared  to  another  vehicle  of  similar  weight,  but 
whose  responses  were  significantly  lower  than  those  from  the 
Rabbit  test.  This  comparison  is  based  upon  the  assumption  that 
the  Civic  data  are  valid.  The  responses  were  surprisingly  lower 
than  other  small  car  responses.  The  2-door  Rabbit  test  weight  is 
2400  lb  and  the  Civic  test  weight  is  2488  lb. 

The  overlay  traces  from  the  two  tests  for  the  driver  left 
upper  rib,  left  lower  rib,  upper  spine,  lower  spine  and  pelvis 
lateral  responses  are  shown  in  Figures  20  through  24, 
respectively . 

As  is  evident  by  the  traces,  the  corresponding  curves 
between  the  two  tests  are  generally  quite  different  from  one 
another  in  shape.  The  crash  environment  of  the  Rabbit  appears  to 
be  more  severe  for  the  driver  than  is  the  Civic  environment.  It 
appears  that  the  Rabbit  door  structure  does  not  mitigate  the 
impact  forces  as  well  as  the  Civic,  which  is  evident  by  the 
variation  in  the  widths  and  peak  values  of  the  acceleration 
pulses.  The  widths  of  the  responses  for  the  Civic  test  are,  on 
the  average,  approximately  10  msec  wider  than  those  from  the 
Rabbit  test  and  peak  values  are  approximately  20  to  45%  lower. 
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FIGURE  21 
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6.0  SUMMARY  AND  CONCLUSIONS 


Based  on  the  results  of  these  2-door  and  4-door  production 
vehicles,  the  following  can  be  concluded: 

1.  On  the  basis  of  the  4 tests  at  90“  and  4 at  60“ , there 
appears  to  be  minimal  response  differences  between 
2-door  and  4-door  production  vehicles.  The 
2-door/4-door  rib  response  averages  at  90“  are  99.4  G 
and  102.7  G,  respectively.  The  corresponding  CA's  are 

148.8  and  143.2,  respectively.  The  60“  rib  response 
averages  for  the  2-door  and  4-door  models  are  109  G and 

87.8  G,  respectively,  and  the  corresponding  CA's  are 
146.7  and  148.8. 

2 . Linear  models  have  been  derived  which  correlate  dummy 

responses  to  struck  vehicle  weight  and  door 

configuration  (2-door  or  4-door) . Three  body  responses 
were  considered. 

* rib  response  — a one  variable  model  using  struck 

vehicle  weight  accounted  for  72%  of  the 
variation.  Door  configuration  was  not 

significant. 

* spinal  response  — the  one  variable  models  were 
not  very  good  - of  the  2 variable  model,  door 
configuration  accounted  for  more  variation  than 
weight  and  together  they  accounted  for  88%  of  the 
variation. 

* CA  fa  linear  function  of  rib  and  spinal  response) 

again,  the  2 variable  model  was  much  better, 
with  vehicle  weight  being  more  significant  than 
door  configuration.  Together  they  accounted  for 
87%  of  the  variation. 
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3.  A wide  variation  in  side  impact  protection  exists  within 

the  vehicle  fleet.  Rib  acceleration  ranged  from  65.1  to 
135.5  G.  Injury  probabilities  for  the  41  year  old 

driver  ranged  from  1%  to  100%. 

4.  The  CA's  for  occupants  of  the  production  2 -door  V.W. 
Rabbit,  one  of  the  primary  vehicles  used  for  development 
of  the  mitigation  concepts  in  the  side  impact  protection 
program,  are  relatively  high  as  compared  to  the  other 
vehicles  tested.  On  the  basis  of  rib  accelerations,  the 
Rabbit  was  close  to  the  median  value  of  these  vehicles. 
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APPENDIX  A 


One  Variable  Linear  Regressions  for  Driver 
Spinal  Accelerations  and  Combined  Averages 


Left  Rib  and 
(CA) 


A 


1 


The  following  tables  contain  the  information  for  the  one 
variable  linear  regressions  for  the  driver  left  upper  rib  and 
spinal  accelerations  and  the  CA  at  41  years  of  age.  The 
dependent  variable  in  the  three  models  is  the  weight  of  the 
struck  vehicle.  Graphical  presentations  of  these  regressions  are 
contained  on  pages  21-23  within  the  text. 
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TABLE  A-1 


LINEAR  REGRESSION  t DRIVER  LEFT  RIB  ACCELERATION 


Vehicle  Weight  (lb)  Acc.  (G)  | 


Sentra  2 -Dr. 

2340 

135.5 

1 

1 

Rabbit  2 -Dr. 

2400 

103.9 

1 

Horizon  4-Dr. 

2600 

115.7 

1 Regression: 

a = 236.9 

Omni  2 -Dr. 

2680 

125.8 

1 (y  = a+  bx) 

b = -0.047 

Dodge  400  2 -Dr. 

3028 

107.5 

1 

Citation  4 -Dr. 

3060 

89.6 

1 Corr.  Coeff. 

= -0.846 

Citation  2-Dr. 

3100 

73.0 

1 R Square 

= 0.716 

Granada  2 -Dr. 

3380 

84.5 

1 

Concord  4 -Dr. 

3555 

66.2 

1 

Predicted  Rib  Acc 


236.9 


0 . 047 (vehicle  weight) 


TABLE  A- 2 


LINEAR  REGRESSION  ; DRIVER  SPINAL  ACCELERATION 


Vehicle 

Weight  (lb) 

Acc.  (G) 

1 

Sentra  2-Dr. 

2340 

130.4 

i 

1 

Rabbit  2 -Dr. 

2400 

120.3 

1 

Horizon  4-Dr. 

2600 

90.4 

1 

Regression; 

a = 186.5 

Omni  2 -Dr. 

2680 

107.2 

1 

(y  = a+  bx) 

b = -0.029 

Dodge  400  2 -Dr. 

3028 

113.9 

1 

Citation  4-Dr. 

3060 

90.0 

1 

Corr.  Coeff. 

= -0.714 

Citation  2-Dr. 

3100 

98.6 

1 

R Square 

= 0.510 

Granada  2 -Dr. 

3380 

102.5 

1 

Concord  4 -Dr. 

3555 

74.8 

1 

Predicted  Spinal  Acc.  = 186.5  - 0 . 029 (vehicle  weight) 
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TABLE  A- 3 


LINEAR  REGRESSION 

: DRIVER  CA  0 41  YRS. 

Vehicle 

Weight  (lb) 

CA  1 

Sentra  2-Dr. 

2340 

171.5 

1 

Rabbit  2-Dr. 

2400 

158.5 

1 

Horizon  4-Dr. 

2600 

146.5 

1 Regression: 

a = 224.9  , 

Omni  2 -Dr. 

2680 

157.4 

1 (y  = a+  bx) 

b = -0.026 

Dodge  400  2 -Dr. 

3028 

156.2 

1 

Citation  4-Dr. 

3060 

139.8 

1 Corr.  Coeff. 

= -0.831 

Citation  2-Dr. 

3100 

140.0 

1 R Square 

= 0.691 

Granada  2 -Dr. 

3380 

144.8 

1 

Concord  4-Dr. 

3555 

126.4 

1 

Predicted  Combined  Averages  (CA)  = 224.9  - 0.026 (vehicle  weight) 
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